Kinetics of folding of Escherichia coli OmpA from narrow to large pore conformation in a planar bilayer.
The outer membrane protein of Escherichia coli, OmpA, is currently alleged to adopt two native conformations: a major two-domain conformer in which 171 N-terminal residues form a narrow eight beta-barrel pore and 154 C-terminal residues are in the periplasm and a minor one-domain conformer in which all 325 residues create a large pore. However, recent studies in planar bilayers indicate the conformation of OmpA is temperature-sensitive and that increasing temperature converts narrow pores to large pores. Here we examine the reversibility and kinetics of this transition for single OmpA molecules in planar bilayers of diphytanoylphosphatidylcholine (DPhPC). We find that the transition is irreversible. When temperatures are decreased, large pores close down, and when temperatures are stabilized they reopen in the large pore conformation, with gradually increasing open time. Large pores are converted to narrow pores only by denaturing agents. The transition from narrow to large pores requires temperatures >or= 26 degrees C and is a biphasic process with rates that rise steeply with temperature. The first phase, a flickering stepwise transition from a low-conductance to a high-conductance state requires approximately 7 h at 26 degrees C but only approximately 13 min at 42 degrees C, signifying an activation energy of 139 +/- 12 kJ/mol. This is followed by a gradual increase in conductance and open probability, interpreted as optimization of the large pore structure. The results indicate that the two-domain structure is a partially folded intermediate that is kinetically stable at lower temperatures and that mature fully folded OmpA is a large pore.